Eleven anthocyanins were isolated from the flowers of 6 selected cultivars and identified as 3-O-rutinoside-5-Oglucosides of cyanidin, malvidin, pelargonidin and peonidin, and 3,5-di-O-glucosides of petunidin, malvidin, pelargonidin, cyanidin and peonidin, and pelargonidin 3-O-rutinoside and malvidin 3-O-glucoside, by thin layer chromatography (TLC), liquid chromatograph-mass spectrometry (LC-MS) and high performance liquid chromatography (HPLC) comparisons with authentic specimens. Of these anthocyanins, the first 4 and pelargonidin 3-O-rutinoside have previously been characterized as 3-O-rhamnosylglucoside-5-O-glucoside and 3-O-rhamnosylglucoside. In this survey, they were clearly identified as 3-O-rutinoside-5-O-glucoside and 3-Orutinoside, for the first time. Anthocyanin composition in the flowers of 84 Gladiolus cultivars was surveyed by HPLC and divided into 18 groups (Groups 1-18) according to the anthocyanin pattern. Of these cultivars, 82 were first surveyed for anthocyanins, except 'Blue Isle' and 'True Love'. The relationship between anthocyanin content and flower colors was discussed. Major anthocyanins of purple flowers were malvidin glycosides together with petunidin 3,5-di-O-glucoside as a minor component, but delphinidin glycoside was not detectable. Red flowers are due to pelargonidin glycosides. Though pink flowers consist of various anthocyanins, pelargonidin, cyanidin, peonidin, petunidin and malvidin glycosides, they were comparatively scarce compared with those of purple and red flowers. In many cases, anthocyanins were not detected from yellow and white flowers; however, a few yellow and white cultivars contained an extremely small amount of anthocyanins. Such cultivars had a colored spot or streak on the perianth, so their anthocyanins were detected by HPLC surveys.
Introduction
The genus Gladiolus consists of ca. 260 species, which are mainly native to South Africa. Several species are distributed in west and central Europe, the Mediterranean to southwest and central Asia, and northwest and east Africa (Goldblatt and Manning, 1998) . The species vary from very small to the spectacular commercial giant flower spikes. Gladiolus is one of the world's most important horticultural plants, valued both as an ornamental garden subject and as a cut-flower crop.
The Gladiolus cultivars are widely grown all over the world as popular flowers after roses, and they have a long history. Gladioli have been extensively hybridized and a wide range of ornamental flower colors are available from many varieties.
Flower anthocyanins of Gladiolus cultivars have been reported by various authors. Shibata and Nozaka (1963) isolated 7 anthocyanins, pelargonidin 3-Orhamnosylglucoside, peonidin 3-O-rhamnosylglucoside-5-O-glucoside, pelargonidin 3-O-rhamnosylglucoside, peonidin 3-O-rhamnosylglucoside-5-O-glucoside, pelargonidin 3-O-diglucoside-5-O-glucoside, cyanidin 3,5-di-O-glucoside, delphinidin 3,5-di-O-glucoside, and delphinidin triglucoside from 10 Gladiolus cultivars. Yatomi and Arisumi (1968) and Arisumi and Kobayashi (1971) also reported 10 and 13 anthocyanins from 10 and 12 cultivars, respectively. Of their anthocyanins, pelargonidin 3,5-di-O-glucoside, pelargonidin 3-Orhamnosylglucoside, peonidin 3-O-rhamnosylglucoside, peonidin 3,5-di-O-glucoside, malvidin 3-O-rhamnosyl-glucoside, malvidin 3,5-di-O-glucoside, malvidin 3-Orhamnosylglucoside-5-O-glucoside, petunidin 3,5-di-Oglucoside, petunidin 3-O-rhamnosylglucoside-5-Oglucoside, pelargonidin 3-O-glucoside, malvidin 3-Oglucoside, petunidin 3-O-glucoside, and petunidin 3-Orhamnosylglucoside were found in Gladiolus cultivars for the first time. Akavia et al. (1981) found 18 anthocyanins, including cyanidin 3-O-rhamnosylglucoside-5-O-glucoside, cyanidin 3-O-rhamnosylglucoside, delphinidin 3-O-rhamnosylglucoside, and delphinidin 3-Orhamnosylglucoside from 9 Israeli Gladiolus cultivars by high performance liquid chromatography (HPLC). Recently, we analysed the purple flowers of the Japanese Gladiolus cultivar 'Ariake' and isolated malvidin 3,5-di-O-glucoside as the major anthocyanin, together with two minor malvidin glycosides and three major flavonols, kaempferol 3-O-sophoroside, kaempferol 3-O-rutinoside, and quercetin 3-O-rutinoside (Takemura et al., 2005) ; however, almost all Gladiolus cultivars surveyed for anthocyanins were classical, and recent cultivars have hardly been analyzed.
In this paper, we describe the isolation and identification of anthocyanins from flowers of recent Gladiolus cultivars, 'Beijing', 'Juku-gaki', 'Fado', 'Ben Venuto', 'Marches', and 'Violetta'. Moreover, anthocyanin composition of 84 cultivars was surveyed by HPLC, and the relationships with their flower colors discussed.
Materials and Methods

Plant materials
Eighty-four Gladiolus cultivars (Table 1) used as plant materials were cultivated in Tsukuba Botanical Garden, National Museum of Nature and Science, Japan, or commercially obtained. 'Ariake' was collected in Sakata Engei Nurser & Bulbs Co., Ltd, Japan. 
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Extraction and isolation Fresh perianths of 6 Gladiolus cultivars, 'Beijing', 'Juku-gaki', 'Fado', 'Ben Venuto', 'Marches' and 'Violetta' were extracted with AMW (acetic acid/ methanol/H 2 O = 5 : 50 : 45), respectively. The concentrated extracts were applied to preparative paper chromatography (PPC) using solvent systems: BAW (n-butanol/acetic acid/H 2 O = 4 : 1 : 5, upper phase) and 15% acetic acid. Roughly isolated anthocyanins were applied to preparative HPLC (solvent system: formic acid/acetonitrile/H 2 O = 5 : 11 : 84 or 5 : 13 : 82). Finally, the 11 isolated anthocyanins (1-11) were purified by Sephadex LH-20 column chromatography (solvent system: acetic acid/methanol/H 2 O = 5 : 70 : 25).
Analytical HPLC
Crude extracts and isolated anthocyanins were analyzed by Shimadzu HPLC systems using Shim-pak CLC-ODS (I.D. 6.0 × 150 mm (Shimadzu, Japan)), at a flow rate of 1.0 mL·min −1 , detection wavelength of 530 nm, and the eluent was acetonitrile/acetic acid/H 3 PO 4 / H 2 O (6 : 8 : 3 : 83) according to Iwashina (1996) .
Fresh perianth (0.2 g) was extracted with 5% acetic acid (2 mL) for quantitative HPLC. After filtration with Maishori-disk H-13-5 (Tosoh, Japan), the extracts were applied to HPLC.
Identification of anthocyanins
The isolated anthocyanins were identified by UV, LCmass spectrometry (MS), acid hydrolysis, and direct thin layer chromatography (TLC) using a solvent system, Forestal (acetic acid/H 2 O/HCl = 30 : 10 : 3), and HPLC comparisons with authentic specimens.
LC-MS, HPLC and UV-visible spectral data of the isolated anthocyanins are as follows:
Pelargonidin 3 Malvidin 3,5-di-O-glucoside (10). Data have already been described by Takemura et al. (2005) .
Malvidin 3-O-glucoside (11). HPLC Rt: 18.48 min. UV λ max (nm): 0.1% HCl-methanol 267, 538; + AlCl 3 538.
Results and Discussion
Identification of anthocyanins
Eleven anthocyanins were isolated from the flowers of six Gladiolus cultivars. Of these anthocyanins, malvidin 3,5-di-O-glucoside (10) (Fig. 1 ) was isolated and identified from the flowers of 'Ariake' (Takemura et al., 2005) . Anthocyanidins of 9, 10, and 11, which were obtained by acid hydrolysis, were identified as malvidin, 1, 2, and 3 as pelargonidin, 4 and 5 as cyanidin, 6 and 7 as peonidin, and 8 as petunidin by direct TLC comparisons with authentic specimens. Glucose and rhamnose were detected from 1, 3, 4, 6, and 9, and glucose alone from 2, 5, 7, 8, 10, and 11 as glycosidic sugars. Finally, 2, 3, 5, 7, 8, and 10, were identified as pelargonidin 3,5-di-O-glucoside, pelargonidin 3-Orutinoside, cyanidin 3,5-di-O-glucoside, peonidin 3,5-di-O-glucoside, petunidin 3,5-di-O-glucoside and malvidin 3,5-di-O-glucoside by direct TLC and HPLC comparisons with authentic specimens (Fig. 1) . Other anthocyanins, 1, 4, 6, 9, and 11, were identified as 3-Orutinoside-5-O-glucosides of pelargonidin, cyanidin, peonidin, malvidin, and malvidin 3-O-glucoside by acid hydrolysis, UV spectra and LC-MS data, and direct TLC and HPLC comparisons with authentic specimens (Fig.  1) . Anthocyanins 1, 4, 6, and 9 have been characterized as 3-O-rhamnosylglucoside-5-O-glucoside, and 3 as 3-O-rhamnosylglucoside in previous studies (Akavia et al., 1981; Arisumi and Kobayashi, 1971; Shibata and Nozaka, 1963; Yatomi and Arisumi, 1968) . In this survey, they were determined as 3-O-rutinoside-5-Oglucoside, and 3-O-rutinoside.
Anthocyanin composition of Gladiolus cultivars
Eighty-four Gladiolus cultivars used as plant materials were divided into 18 groups by their flower anthocyanin patterns, i.e., Group 1: malvidin (Mv) + petunidin (Pt), Group 2: Mv + Pt + an unknown anthocyanin (UN), Group 3: cyanidin (Cy) + Mv + Pt + UN, Group 4: Cy + Mv + peonidin (Pn) + Pt + UN, Group 5: Mv + pelargonidin (Pg) + Pt, Group 6: Cy + Mv + Pn, Group 7: Mv alone, Group 8: Mv + Pg + Pn + Pt, Group 9: Cy + Mv + Pg + Pn, Group 10: Mv + Pn, Group 11: Cy + Mv + Pg + Pn + Pt, Group 12: Mv + Pg + Pn, Group 13: Cy + Pg + Pn, Group 14: Cy alone, Group 15: Pg + Pn, Group 16: Cy + Mv + Pg + Pn + Pt + UN, Group 17: Pg alone, and Group 18: none. Of these groups, Groups 5, 8, 10, 11, 14, 15, and 16 consisted of only one cultivar, 'Blue Sky', 'Fusou', 'Mai-hime', ' New Orleans', 'Hana-kasumi', 'Richmond' and 'Wine and Pearl', respectively. Group 1 contained three cultivars, 'Ama', 'Blue Frost' and 'Shiho-no-asa'. Each 22 cultivars belonged to Group 18, which contains (Pg-alone type), and Group 19 (nonanthocyanin type).
Of 84 Gladiolus cultivars in this experiment, 82 were surveyed for anthocyanins for the first time, excluding two cultivars, 'Blue Isle' and 'True Love' which have been reported by Akavia et al. (1981) .
Relationships between anthocyanin contents and flower colors Flower colors, direct perianth spectra, qualitative and quantitative anthocyanin contents and groups of 84 Gladiolus cultivars are shown in Table 2 .
Purple flowers
Fourteen purple cultivars were surveyed for anthocyanin contents (Table 2 ). The major anthocyanins of all cultivars were malvidin glycosides together with petunidin 3,5-di-O-glucoside as a minor component (Group 1). In many cultivars, an unidentified anthocyanin was present (Group 2). Trace cyanidin glycosides were also present in a few cultivars (Groups 3), but delphinidin was not detected.
Delphinidin glycosides, delphinidin 3,5-di-O-glucoside, 3-O-rhamnosylglucoside and 3-O-rhamnosylglucoside-5-O-glucoside, have been reported in various Gladiolus cultivars (Akavia et al., 1981; Shibata and Nozaka, 1963; Yatomi and Arisumi, 1968) ; however, they were found as minor pigments, except in the violet purple flower cultivar 'Dean Dixon' (Akavia et al., 1981) . In this survey, delphinidin glycosides were not detected in any cultivars used as plant materials. Thus, it was confirmed that the major pigments of purple Gladiolus cultivars are malvidin glycosides together with the minor petunidin glycoside.
Absorption maxima (λ max ) of direct purple flowers was between 540 and 572 nm. Since λ max of purified malvidin glycosides was ca. 525 nm, it was suggested that their anthocyanins are bathochromically shifted. With another Iridaceae species, Iris ensata Thunb, it has been indicated that the bluing effect on the flower color of the bluish purple cultivars depends on the copigmentation of an anthocyanin, malvidin glycoside and a flavone, isovitexin Yabuya et al., 1994 Yabuya et al., , 1997 Yabuya et al., , 2000 . The identification of other flavonoids is in progress.
Red flowers
Eighteen red cultivars were observed for anthocyanins (Table 2) . Three pelargonidin glycosides, pelargonidin 3,5-di-O-glucoside, 3-O-rutinoside and 3-O-rutinoside-5-O-glucoside, were found as flower pigments (Group 17) in all cultivars. In many other red flower plant species, e.g. Rosa spp., the major anthocyanidins are cyanidin together with pelargonidin and peonidin (Brouillard and Dangles, 1994 ); however, it was shown that the red flowers of Gladiolus cultivars in this survey are due to pelargonidin alone. Direct spectral survey of the red perianth showed absorption maxima of 492-520 nm, nearly corresponding to that of peralgonidin itself, in many cultivars.
Orange flowers
Only one cultivar, 'San Marino' was used as plant material. The major anthocyanins were pelargonidin 3,5-di-O-glucoside and 3-O-rutinoside-5-O-glucoside (Group 17), as in red flowers (Table 2) . Direct spectral survey of the perianth showed absorption maxima of 420, 445, and 480 nm, showing that the major pigments are carotenoids (Harborne, 1988) . Thus, it was shown that the orange flowers of 'San Marino' are due to pelargonidin glycosides and carotenoids.
Pink flowers
The anthocyanins of 21 pink cultivars were surveyed by HPLC. Though they belonged to various groups (Groups 1, 2, 4-13 and 17), they had few anthocyanins compared with those purple and red flowers (Table 2) . In 12 cultivars, the major anthocyanins were malvidin glycosides and were accompanied with other anthocyanins, cyanidin, pelargonidin, peonidin and petunidin glycosides as minor pigments. A pink cultivar, 'Marches' contained malvidin 3-O-glucoside alone, which was the first report for summer flowering Gladiolus cultivars.
Yellow and white flowers
Thirteen yellow and 17 white cultivars were surveyed for anthocyanins, respectively. Anthocyanins were not detected in almost all cultivars (Table 2) . In yellow cultivars, pelargonidin glycosides were found in two cultivars, 'Jester' and 'Princess Margaret Rose'; however, their amounts were very small. Visible spectra of the many yellow perianth showed λ max ca. 445, 477-480, and 674-678 nm, or 674-678 nm, showing that their yellow color is due to carotenoids and chlorophylls, or chlorophyll alone.
White cultivars, 'Colorado', 'Flevo Eyes', 'Richmond', 'Tan-cho', and 'Wine and Pearl' contained anthocyanins but in extremely small amounts. Only 'Wine and Pearl' had cyanidin, pelargonidin, peonidin, petunidin, malvidin glycosides and unidentified anthocyanin. Such cultivars had a colored spot or streak on the perianth, so that their anthocyanins could be detected by HPLC surveys. The other cultivars did not contain anthocyanin.
In this survey, the anthocyanin composition of 84 Galdiolus cultivars was shown; however, preliminary HPLC survey showed the presence of other flavonoids in their cultivars, including yellow and white. Since direct spectral survey of purple flowers showed absorption maxima between 540 and 572 nm, it was presumed that the color of their anthocyanins are varied by other components, especially flavonoids. Practically, 
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